Adrenocorticotropin (ACTH), j3-endorphin, and the melanocyte-stimulating hormones (MSHs), which are products of a common precursor, pro-opiomelanocortin (POMC), are present in a variety of tissues other than pituitary. The recent detection of immunoreactive POMC-derived peptides in the male reproductive tract raised the possibility that these hormones might regulate reproductive function. To Pro-opiomelanocortin (POMC) is a precursor protein that contains the sequence for several bioactive peptides including adrenocorticotropin (ACTH), 8-endorphin, and melanocyte-stimulating hormones (MSHs) (1, 2). These POMC-derived peptides have been detected in a variety of tissues. The de novo synthesis of POMC-derived peptides has been demonstrated in the pituitary (for a review, see ref.
gests that POMC-derived peptides are synthesized in Leydig cells and epididymis. These observations are consistent with the postulate that POMC-derived peptides may exert paracrine and/or autocrine effects in these organs.
Pro-opiomelanocortin (POMC) is a precursor protein that contains the sequence for several bioactive peptides including adrenocorticotropin (ACTH), 8-endorphin, and melanocyte-stimulating hormones (MSHs) (1, 2) . These POMC-derived peptides have been detected in a variety of tissues. The de novo synthesis of POMC-derived peptides has been demonstrated in the pituitary (for a review, see ref.
2), hypothalamus (3) (4) (5) , and human placenta (6, 7) . Immunocytochemical studies have revealed the presence of POMC-derived peptides in the gastrointestinal tract (8, 9) , pancreas (10), adrenal (11, 12) , lymphocytes (13, 14) , and the unicellular organism, tetrahymena pyriformis (15) . Recently, immunoreactive POMC-derived peptides also have been described in both male and female reproductive tissues (11, (16) (17) (18) (19) (20) (21) . Materials similar to 3-endorphin and a-MSH were characterized in human semen (16) and rat testicular extract (17) (18) (19) by a variety of physicochemical techniques. Immunostainable POMC-derived peptides were detected in the Leydig cells of the testis and epithelium of epididymis and other male reproductive tissues (11, 20) . The concentrations of POMC-derived peptides in these tissues are very low, suggesting that they could only have local paracrine and/or autocrine functions (18, 19 mM Hepes buffer, 20 mg of gentamycin per liter, 5% horse serum, and 2.5% newborn bovine serum. Sera, Hepes, and gentamycin were purchased from GIBCO. Cells were subcultured every 4-6 days when subconfluent. To prepare mRNA, cells were grown to confluency in 100-mm tissue culture dishes (Corning), washed twice with phosphate-buffered saline, and scraped. The cells were pelleted by centrifugation, and the pellets were stored at -70°C until RNA extraction. The derivations of the Leydig cell line, TM3, and the Sertoli cell line, TM4, have been described (22 (25) . The poly(A)+ RNAs were denatured with 1 M glyoxal and 50% dimethylsulfoxide and were fractionated in 1.5% agarose gel as described by Thomas (26) . The poly(A)+ RNAs were then transferred to nitrocellulose paper, and POMC-like mRNAs were identified by hybridization with a radioactive POMC complementary DNA (cDNA) probe and exposed to x-ray film. Dot-Blot Assay. Equivalent amounts of poly(A)+ RNA from each sample were resuspended in 100 ,ul of 1.5 M NaCl/0.15 M sodium citrate, pH 7.2, and spotted on a nitrocellulose filter by using a Microfold Dot Blot (Schleicher & Abbreviations: POMC, pro-opiomelanocortin; MSHs, melanocytestimulating hormones. *Preliminary results were reported at the Eighth Testis Workshop, October [14] [15] [16] [17] 1983 , Bethesda, MD.
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Preparation of Radioactive POMC cDNA Probe. Rat POMC cDNA was constructed from poly(A)+ RNA of neurointermediate pituitary by reverse transcription and inserted in the Pst I site of plasmid pBR322 by dG-dC-tailing (28, 29) . Clone p113 used in these studies contains the nucleotide sequence coding from the midportion of the NH2-terminal glycopeptide of POMC to the poly(A) tail (27) . The p113 insert was isolated and made radioactive by nick translation to a specific activity of 2-5 x 108 cpmhlg.
RESULTS
Identification of POMC-Like mRNA in the Testis and Epididymis. The existence of POMC-like mRNA in the male reproductive tissues was determined by using blot hybridization analysis. Poly(A)' RNAs were jsolated from various rat tissues, and POMC-like mRNAs were identified by hybridization with a cloned rat POMC cDNA (p113). With this probe, POMC-like mRNAs were detected in the testis and epididymis as well as in the pituitary and brain (Fig. 1) . The hybridizable species of POMC-like mRNA in the testis and epididymis had the same apparent molecular size, which was approximately 150 bases shorter than those in the pituitary and hypothalamus. Civelli et al. (30) found that in some regions of the rat brain, such as amygdala and cerebral cortex, POMC-like mRNA was shorter than that from pituitary or hypothalamus. The results in Fig. 1 (lanes 3, 4, and 5) show that POMC-like mRNAs in the testis and epididymis were the same size as those detected in the amygdala.
The detection of immunostainable 3-endorphin material in the testes of five species (11) suggested that POMC mRNA would be found in multiple species. Poly(A)+ RNAs prepared from rat, mouse, and hamster testes contained POMClike mRNAs as detected by blot hybridzation analysis (Fig.  2) . The testicular POMC-like mRNAs of these species had similar apparent molecular sizes, all about 150 bases shorter than that of pituitary.
Localization of POMC-Expressing Cells in the Testis. To determine which testicular cell type expresses the POMClike gene, the presence of POMC-like mRNAs in established cell lines derived from different cell types of the mouse testis was studied. The POMC-like mRNAs were identified in Leydig cell lines originating from normal testis (TM3) and from a Leydig cell tumor (I1OA). The POMC cDNA probe (p113) did not hybridize to the mRNA from a mouse Sertoliderypd cell line (TM4) (Fig. 3 ). These observations indicated thOt POMC-like mRNA was in the same cell type as the immunostainable POMC-like peptides detected with antibodies against /-endorphin, ACTH, a-MSH, or yMSH (11, 18, 20) . We conclude that the POMC-like gene is expressed in the Leydig cells of testis.
Determination of POMC-Like mRNA Concentration. Since the major forms of POMC-derived peptides present in rat testis are similar to those detected in the hypothalamus (19) , it was of interest to compare the concentration of POMClike mRNA in these organs. Equal amounts of poly(A)+ RNAs from testis, hypothalamus, and liver were spotted on a nitrocellulose filter, and the concentration of POMC-like mRNA in each tissue was determined by hybridization to the POMC cDNA (pI13) probe (Fig. 4) . The concentration of POMC-like mRNA in the testis was similar to that in the hypothalamus, which represents approximately 0.01-0.02% of total poly(A)O RNA. This observation was unexpected because the concentrations of immunoreactive /-endorphin and a-MSH present in the hypothalamus are 2-3 orders of magnitude greater than those in the testis (19) . By contrast, the level of P0MC-like mRNA in the epididymis was approximately 20% of that observed in the testis (Fig. 1, lanes 4  and 5) , whereas the concentrations of POMC-derived peptides in these organs were similar (18 There are several possible explanations for the tissue-specific polymorphism of the mRNA observed in this study. The smaller POMC-like mRNAs detected in the amygdala, testis, and epididymis as compared to the pituitary may result from transcription of a single POMC gene with tissuespecific processing of nuclear precursor RNA to its mature mRNA. 'The tissue-specific splicing of the same nuclear RNA has been described in the hypothalamus and thyroid, where alternative processing of the calcitonin gene transcripts results in the production of two distinct mRNAs coding for different polypeptides (31) . In the case of mouse aamylase, differential use of two promoters and their 5'-untranslated regions of a single a-amylase gene generated two tissue-specific distinct mRNAs in the liver and salivary gland (32) . Alternatively, it is possible that different P0MC-like mRNAs may be transcribed from multiple nonallelic POMC genes. If this were the case, POMC mRNA from testis, epididymis, and amygdala could be derived from one gene, and mRNA in the pituitary and hypothalamus from another. It is of note, however, that only one POMG gene has been identified in rat (33) . Finally, a shorter POMC mRNA could result from differences in the length of poly(A) tails, which are known to be polydisperse in their length within a specific mRNA (34) .
The levfl of POMC-like mRNA in the testis was similar to that in the hypothalamus. However, the concentrations of POMC-derived peptides in the testis were 2-3 orders of magnitude lower than those in the hypothalamus (19 (22) , and adrenocorticotropin and a-MSH elevate cyclic AMP accumulation in these cells (37) .
By contrast, in vivo studies suggest that f3-endorphin or another endogenous opiate in the testis inhibits Sertoli cell growth during early testicular development (38) . These observations suggest that peptides derived from different portions of POMC may have differential effects on Sertoli cells. This is analogous to the opposing behavioral effects of POMC-derived peptides, which have been described in brain (39) . Thus, the biological consequences of synthesis of POMC peptides in the testis are'related not only to the amount of the precursor that is made but also to which of its component peptides are present in active form.
In a recent study, the [D-Ala2-Met5] analog of enkephalin was shown to inhibit forskolin-activated adenylyl cyclase in membranes prepared from rabbit corpora lutet (40) . [D-Ala2-Met5]Enkephalin-induced inhibition of the rabbit luteal enzyme was ATP-dependent, supporting the suggestion that the corpus luteum contains a receptor for opiate peptides that is coupled to an inhibitory guanine nucleotide regulating component. These findings of a function for ,-endorphin in the corpus luteum and other steroid-secreting cells (11) suggest that this or another endogenous opiate could also serve as a negative autocrine regulator in Leydig cells.
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